Objective: The aim of this study was to describe the psychometric evaluation of the Orofacial Pain Scale for Non-Verbal Individuals (OPS-NVI) as a screening tool for orofacial pain in people with dementia.
| INTRODUC TI ON
Pain is common in older people with cognitive impairment or dementia and is experienced regularly by ~50%. 1 As higher age is a risk factor for both pain and dementia, a high prevalence of pain in people with dementia is not surprising. [2] [3] [4] However, pain in older persons with dementia is likely to be underdiagnosed and undertreated. 5, 6 Pain can be a source of distress and discomfort, reducing quality of life. 7 Consequently, an improvement in pain assessment is important to optimise pain treatment. 8, 9 A common, but often overlooked type of pain in older people is orofacial pain. The prevalence of oral pain in older people in the last 4 weeks varies between 22.0% and 37.2% in the general population [10] [11] [12] and was 18.5% in a nursing home sample. 13 With the improvement of prevention of oral disease and professional dental care, the number of older people with a natural dentition is increasing. 14 This increase also applies to older people with dementia. However, as a result of the decrease in cognitive function and motor skills in dementia, a decrease in self-care might take place, thus complicating oral hygiene care. 15 Consequently, people with dementia have significantly more oral health problems than older people without dementia, and a higher prevalence of orofacial pain can be expected. 16 The assessment of orofacial pain in dementia is challenging, especially in people with aphasia or dysphasia, which is common in the advanced stage of some types of dementia, for example Alzheimer's disease (AD). 7, 17 Until recently, there has been no observational instrument for the assessment of orofacial pain in people with dementia or other forms of cognitive impairment, although such a tool would enable a better recognition and, subsequently, treatment of orofacial pain in people with aphasia or dysphasia. 18, 19 As part of the international "Pain Assessment in Impaired Cognition" (PAIC) meta-tool, 20, 21 the Orofacial Pain Scale for Non-Verbal Individuals (OPS-NVI) has been developed. The aim of this article was to describe the psychometric evaluation of the OPS-NVI as a screening tool for orofacial pain in people with dementia.
| ME THODS

| Study design
This study was part of the PainDemiA study, and the data were collected between April 2014 and December 2015. The study protocol was approved by the Medical Ethic Review Committee of the VU Medical Center (approval number NL 43861.029.13) and was described in a previous article. 22 The power analysis was based on the primary objective of the PainDemiA study, viz., to determine the prevalence of pain in dementia subtypes and resulted in a target number of 384 participants. 22 This observational cross-sectional study was carried out to psychometrically evaluate and adapt the Orofacial Pain Scale for NonVerbal Individuals (OPS-NVI). The psychometric evaluation includes the inter-rater reliability and criterion validity. The intra-rater reliability of the component "chewing" has been determined in another study. 23 To determine the criterion validity, the pain self-report was imperative as a reference standard. 24, 25 Therefore, participants with mild-tomoderate cognitive impairment were also involved in this study. 17 
| Setting and participants
The participants were recruited in different settings, to include participants with mild cognitive impairment (MCI) and different subtypes and stages of dementia. The examined subtypes of dementia were AD, Vascular Dementia (VD), Frontotemporal Dementia (FTD) and Dementia with Lewy Bodies (DLB). The stages of dementia were reflected by mild, moderate and severe cognitive impairment.
The recruitment took place at the outpatient memory clinics at form cannot be recommended as a screening tool for orofacial pain in people with MCI and dementia. However, the inter-rater reliability and criterion validity of the individual items in this study provide more insight for the further adjustment of the OPS-NVI for diagnostic use. Notably, oral health problems were frequently present, although no pain was reported or observed, indicating that oral health problems cannot be used as a new reference standard for orofacial pain, and a regular oral examination by care providers and oral hygiene care professionals remains indispensable.
K E Y W O R D S
cognitive impairment, dementia, dentistry, orofacial pain, pain assessment and Association Internationale pour la Recherché et l'Enseignement en Neurosciences (AIREN) criteria for vascular dementia, 27 the revised criteria for frontotemporal dementia 28 and the revised criteria for dementia with Lewy bodies. 29 At the nursing homes, the formal dementia diagnosis in the medical chart was used, which was usually based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria for dementia. 30 The demographic characteristics age, gender and educational level were derived from the medical records. The medication use was derived from the medication list of the participants, and the use of analgesics and antipsychotics was identified with the Anatomical Therapeutic Chemical (ATC) Classification System (WHO). Analgesics included paracetamol (N02B), NSAID's (M01A) and opioids (N02A) and antipsychotics included anti-epileptics (N03), psychoeleptics (N05) and psychoanaleptics (N06).
| Measures
| Orofacial pain
The presence of orofacial pain was observed with the Dutch version of the Orofacial Pain Scale for Non-Verbal Individuals (OPS-NVI). This tool was based on general items of the Pain Assessment in Impaired Cognition (PAIC) meta-tool 20 and specific items for orofacial pain suggested by Lobbezoo et al. 18 More specifically, the selection of the facial items from the PAIC meta-tool for the OPS-NVI tool was based on previous studies on the action units (AU) of the Facial Action
Coding System (FACS) and included frowning (AU 4), narrowing or closing eyes (AU 6/7), raising upper lip (AU 9/10), opened mouth (AU 25/26/27) and tightened lips. [31] [32] [33] [34] [35] Furthermore, the items resisting care, guarding, rubbing and restricting jaw movement were added following a review of the literature on the diagnosis of orofacial pain of people with cognitive impairment. 18 The item drooling was added, because production of more saliva might be related to the presence of pain. 36 In addition, the items restlessness, using offensive or pain- The OPS-NVI (Appendix S1) has 4 components: "rest," "drinking," "chewing" and "oral hygiene care.". Dentate participants are observed during "rest" and all 3 activities, whereas edentulous participants are only observed during "rest" and "chewing," because no pain during drinking or tooth brushing is expected in participants without a natural dentition. Each component consists of 4 main subscales: facial activities, body movements, vocalisations and specific orofacial pain-related behaviour. Facial expressions that are observed are "frowning," "narrowing or closing eyes," "raising upper lip," "opened mouth" and "tightened lips". Body movements that are observed are "resisting care," "guarding," "rubbing" and "restlessness." Vocalisations that are observed are "using offensive words,"
"using pain-related words," "screaming/shouting" and "groaning".
The specific orofacial pain-related behaviour items are "restricting jaw movement," "refusing prosthetics" and "drooling.". For each item, the observer indicated "Yes, I saw this behaviour" or "No, I did not see this behaviour.". After observation of the aforementioned behaviour, an estimation of pain intensity is made by the observer for rest and for each activity, scored on a Numeric Rating Scale from 0 to 10, at which 0 is no pain and 10 the worst pain imaginable. A value of 1 or higher is considered as observed pain presence.
Participants who were able to communicate about pain were asked about the presence of pain (yes or no) directly after the observation of each activity.
| Cognitive status
The cognitive functioning of the participants was measured with the Mini-Mental State Examination (MMSE) 37 by a nurse at the VU Medical Center and by a neuropsychologist at the Amstelland Hospital and the nursing homes. Participants with an MMSE score of 14 or higher were considered to present a reliable pain self-report.
Therefore, only the pain self-reports of these participants were used for further analysis. 
| Oral health
In all participants, a standardised oral health examination took place by a dentist (SD) experienced in geriatric dentistry. The main target variables for this study were potential causes of orofacial pain which could be examined in all participants, such as pressure ulcers as a result of ill-fitting dentures, tooth root remnants (or retained roots), coronal caries and root caries. Other sources of orofacial pain, such as neuropathic pain and temporomandibular pain were also examined, but not involved in the psychometric evaluation, because it could not be determined in non-verbal participants. 
| Procedure
The observers received training in the use of the OPS-NVI by one of the developers (SD), who was also involved in the observations.
In the hospital setting, participants received the informed consent letter by mail before they visited the memory clinic. During their visit, they were given the opportunity to ask questions and were asked to sign the informed consent letter. If necessary, the relatives of the participant were involved in the consent procedure. The research, including observation using the OPS-NVI, pain self-report and oral health examination, took place after the regular memory screening day. First, participants were observed during rest and subsequently asked to execute the following activities: drinking, chewing and oral hygiene care. Meanwhile, observation of the behaviour and an estimation of the pain intensity by the observer(s) took place.
The activities were performed under standardised instructions and standardised circumstances. For the activity "drinking," cold tap water of 10-15°C was obtained shortly before drinking. For "chewing," participants were asked to chew on a standard chewing gum for 1 minute. 38 For "oral hygiene care," participants were asked to brush their teeth with a standard brush (Oral B, Procter & Gamble, OH, USA). Directly after each activity and observation, verbal participants were asked whether they experienced any pain, and this was scored yes or no. Following the pain observations and self-reports of all activities, the oral health examination took place. The MMSE was recorded by the nurse as part of the regular memory screening.
For the nursing home participants, written informed consent by the legal representative and cooperation from the participant were required. The participants were visited by the observers and the research dentist (SD) at the nursing homes for the observation using the OPS-NVI, pain self-report and oral health examination. If possible, the same procedure was followed as in the hospital setting. If participants
were not able to follow instructions, they were observed during drinking and eating their regular meal. In case participants were not able to brush their own teeth, they were brushed by a care provider or the research dentist. The MMSE was recorded by a research neuropsychologist within the same week. 
| Statistical analysis
| Item-reduction
Firstly, the amount of missing scores was examined, and more than 15% missing scores for an item was considered not acceptable. 24 Secondly, the distribution of item scores was examined. If an item occurred in less than 1% or more than 40% of the cases, it was excluded, because the discriminative power of the item was considered too low.
| Inter-rater reliability
Whenever two observers were available, the participants were observed by the two observers at the same moment. The interrater reliability per included behaviour item and observed pain presence of two observers was determined with the aver- 
| Criterion validity
The criterion validity of the OPS-NVI was determined by comparing the OPS-NVI pain observations with the reference standard: the reliable pain self-reports (MMSE score ≥14). 17 The cross-tabulation of the pain observation and the pain self-report 
24,25
The outcomes of the oral health examination were compared with the reference standard, that is the reliable pain self-reports (MMSE score ≥14), to determine if the oral health examination could be used to construct a new reference standard for orofacial pain in participants who were not able to deliver a reliable pain self-report (MMSE <14).
The statistical analysis was performed using IBM Statistics SPSS 23 (SPSS Inc., Chicago, IL, USA). Table 2 shows the proportion of positive observations of the OPS-NVI items. There were no items with more than 15% missing TA B L E 1 Characteristics of the participants scores, while there were 4 items for "rest," 4 items for "drinking," 4 items for "chewing" and 3 items for "oral hygiene care" that occurred in less than 1% or more than 40% of the cases.
| RE SULTS
| Participants
| Descriptive data
| Item-reduction
Those items were therefore excluded for further analysis for the concerning activities. As a consequence, the item "using offensive words" was excluded for all 4 components of the OPS-NVI.
In contrast, 9 items were included for all 4 components of the OPS-NVI. The expected pain prevalence from observation using the OPS-NVI in this population was 4%-11% for "rest," 10%-20%
for "drinking," 19%-21% for "chewing" and 22%-35% for "oral hygiene care." Table 3 shows the inter-rater reliability in average Positive Agreement (PA) and average Negative Agreement (NA) of the observed pain presence and included behaviour items. When specifically looking at the observed pain presence (indicated by an NRS score 1 or higher), the NA scores were 88%-96%, while the PA scores were 53%-64%.
| Inter-rater reliability
Here, only the PA in oral hygiene care was insufficient. For the behaviour items, the NA was 77% to 100%, while the PA was insufficient for 3 items in "rest," 4 items in "drinking," 7 items in "chewing" and 6 items in "oral hygiene care". In general, the number of negative scores was high, and the number of positive scores was low. Table 4 shows the cross-tabulation of the pain observation using the OPS-NVI and the presence of pain according to the pain self-report in participants with an MMSE score of 14 or higher. The pain presence from the reliable self-reports (True Positives plus False Negatives) was 1% for rest, 0% for drinking, 10% for chewing and 3% for oral hygiene care. The specificity of observed pain presence was 88%-99%, while the sensitivity was 0%-53%. For the individual behaviour items, the specificity was between 66% and 100%, while the sensitivity showed the maximum variance of 0% to 100%. However, the number of participants with self-reported pain was below 5 for "rest," "drinking," and "oral hygiene care" and was 17 (=10%) for "chewing." Table 5 shows the cross-tabulation of the reliable pain selfreports and the presence of potential painful conditions from the oral health examination, such as ulcers, tooth root remnants and coronal and root caries. As stated before, the number of participants with self-reported pain was below 5 for the components "rest," "drinking" and "oral hygiene care," This cross-tabulation shows that many ulcers, tooth root remnants, coronal caries lesions, and root caries lesions were present without pain being reported. Therefore, the oral health examination could not be Although it was decided not to use the oral health examination as a reference standard for the presence of pain, it is interesting to study the relation with the scores of the OPS-NVI observation in this population. Table 6 shows the crosstabulation of the pain observation using the OPS-NVI and the presence of potential painful conditions from the oral health examination in participants with all MMSE scores. This reflects that the number of cases with a negative score on both pain observation and components of the oral health examination is high. Furthermore, the proportion of positive pain scores using the OPS-NVI as well as presence of potential painful conditions is considerable. In addition, many ulcers, tooth root remnants, coronal caries lesions and root caries lesions are present in combination with a negative pain score on the OPS-NVI. Opened mouth 127 37 47 35 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Body movements
| Criterion validity
F I G U R E 2
TA B L E 2 Proportion of positive observations in number (=N) and percentage (%) for observation 1 (OB1) and observation 2 (OB2) at the same moment
Resisting care n/a n/a n/a n/a 2 1 
Specific
Restricting jaw movement n/a n/a n/a n/ a  2  1  2  3  85  25  35  29  11  6  5  9 Refusing prosthetics 3 1 1 1 0 0 0 0 0 0 1 1 n/a n/a n/a n/a Items with <1% or >40% occurrence for observation 1 (OB1) are excluded from further analysis. 
| D ISCUSS I ON
| Key results and interpretation
The OPS-NVI is the first observational pain scale specifically developed for the assessment of orofacial pain in non-verbal people. 18 The aim of this article was to assess the psychometric properties of the OPS-NVI as a screening tool for orofacial pain in people with mild cognitive impairment (MCI) or dementia. The pain presence based on self-report was low (0%-10%), resulting in low scores for the average Positive Agreement and sensitivity, and high scores for the average Negative Agreement and specificity of the items of the OPS-NVI.
Furthermore, many participants had ulcers, tooth root remnants, coronal caries lesions and root caries, but no pain was reported (by participants who were considered to present a reliable self-report)
or observed (in all participants). Therefore, the oral health examination could not be used as a reference standard for the presence of pain.
Remarkable is the fact that the items that seemed to be related to refusal or aggression, viz., "resisting care," "using offensive words," "screaming/shouting" and "refusing prosthetics," had a very low number of positive observations. This may be due to the lower probability of consent for participation to the study for people that are considered to show challenging behaviour. The number of positive observation can be expected to be higher if the number of participants with orofacial pain is higher.
With respect to inter-rater reliability, most of the items with a low PA were part of the activities "chewing" and "oral hygiene care".
This might be explained by the higher difficulty of observing behaviour during more active behaviour, especially for the facial expressions, such as "narrowing or closing eyes," "raising upper lip," "tightened lips" and "restricting jaw movements." The observation of pain items during oral hygiene care has been shown to be difficult before. 41 A study about the mouth care item of the MOBID pain scale showed that pain-related behaviour, such as pain noises, facial expressions and defence and dementia-related behaviour during oral hygiene care, could not be interpreted reliably by elderly care dentists. 41 The high number of true negatives and low number of true positives for pain observation compared with pain self-report can be explained by the low pain presence (0%-10%) in this sample. Only the subscale "chewing" had more than 5 cases in which pain was reported by participants. A point of concern is the relatively high number of false negatives in this component of the OPS-NVI. As the OPS-NVI is developed for identifying orofacial pain, it is undesirable to miss a high proportion of cases with pain. However, a sample with a higher presence of orofacial pain could result in changes in the average positive and negative agreement of the items of the OPS-NVI. 25 Only the pain self-report of participants with an MMSE score of minimally 14 was used for the criterion validity, because persons with scores of 13 and lower may not be able to provide valid self-reports. 17 However, in people with (advanced) dementia, pain 
TA B L E 4 (Continued)
is more likely to be underdiagnosed, because the ability to communicate about pain is restricted as a result of loss of memory, insight and dysphasia. 
| Strengths and limitations
One of the strengths of this study is the large sample size, including participants with MCI and participants in different stages and in various subtypes of dementia. To be able to observe different types of orofacial pain, participants were observed during several oral activities, such as "drinking," "chewing" and "oral hygiene care."
Furthermore, the level of cognitive impairment was assessed with the MMSE, a widely used instrument for the screening of cognitive function. Pain no  Pain yes  Pain no  Pain yes  Pain no  Pain yes  Pain no   Yes  0  25  0  8  6  19  1  8   No  1  151  0  107  11  139  2 Pain no  Pain yes  Pain no  Pain yes  Pain no  Pain yes  Pain no   Yes  0  55  0  68  3  69  1  67   No  1  73  0  47  4  51  2  49   Pain %  0  0  4  1 The pain % indicates the amount of participants with a positive score on the pain self-report in presence of an oral disorder.
challenging behaviour, while this can be part of pain behaviour. 8 The presence of orofacial pain might have been higher if more participants with challenging behaviour would have been included.
| Implications
A difficulty with the assessment of pain is that a reflective model is used for pain as a non-observable construct. 24 Behaviour items in pain scales, such as the OPS-NVI, could reflect pain, but could also be part of Behavioural and Psychological Symptoms of Dementia (BPSD). 8 However, in people with pain as well as BPSD, it is important to examine the possible aetiology of the presented behaviour.
Our study population, which was representative of the target population, had a low presence of orofacial pain (0%-10%).
Therefore, the use of the OPS-NVI as a screening tool for orofacial pain in this population is not justified. However, the evaluation of the usability, inter-rater reliability and criterion validity of 16 behaviour items for the assessment of orofacial pain could be helpful for the further development of a diagnostic tool for orofacial pain.
Moreover, the high presence of oral health problems without the presence of pain indicates that regular oral examination by care providers and oral hygiene care professionals remains necessary to evaluate oral health and detect potential (future) sources of pain, discomfort or inflammation. Especially, as the ability of people with dementia to communicate about pain, as well as their treatability is expected to decrease as the cognitive decline increases.
| Future research
To further develop a diagnostic tool for the assessment of orofacial pain in people with aphasia or dysphasia, it is necessary to assess more people with orofacial pain. This should be done in a setting where orofacial pain is more likely to be present than in the general TA B L E 6 Cross-tabulation of the pain observation with the OPS-NVI and the oral health examination Pain no  Pain yes  Pain no  Pain yes  Pain no  Pain yes  Pain no   Yes  3  43  0  10  14  30  4  8   No  17  270  22  147  57  223  45 Pain no  Pain yes  Pain no  Pain yes  Pain no  Pain yes  Pain no   Yes  7  122  18  103  27  97  38  82   No  2  69  3  54  13  57  11  48   Pain %  5  15  22  32 OPS-NVI, Orofacial Pain Scale for Non-Verbal Individuals. The pain % indicates the amount of participants with a positive score for the pain observation in presence of an oral disorder.
population with dementia. It is suggested to assess the presence of orofacial pain by means of observation and self-report during drinking and eating in participants with mild-to-moderate cognitive impairment (MMSE score ≥14) who have potential (future) sources of pain. Although a diagnostic observational tool for orofacial pain is especially desirable for people with moderate-to-severe cognitive impairment (including those with an MMSE score below 14), criterion validity can only be assessed when a reliable pain self-report as reference standard is available (MMSE score ≥14). 24 Furthermore, by including only participants where potential causes of orofacial pain are present, it is more likely participants with actual orofacial pain will be included.
| CON CLUS ION
From this study, it can be concluded that the orofacial pain presence in this MCI and dementia population was low (0%-10%), resulting in low scores for average Positive Agreement and sensitivity and high scores for average Negative Agreement and specificity. Therefore, the OPS-NVI in its current form cannot be recommended as a screening tool for orofacial pain in people with MCI and dementia.
However, the inter-rater reliability and criterion validity of the individual items in this study provide more insight for the further development of a diagnostic tool for orofacial pain in people with aphasia or dysphasia.
Furthermore, it was concluded that oral health problems, such as ulcers, tooth root remnants, coronal caries and root caries were frequently present, although no pain was reported or observed.
Because these conditions are potential (future) sources of pain and inflammation, a regular oral examination by care providers and oral hygiene care professionals remains indispensable.
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